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0 Semiconductor laser and process for fabricating the same. 



0 A semiconductor laser has a super-lattice 
active layer to which a high density impurity as 
equal to or over 1 X 10^^ cm~^ is selectively 
diffused in the vicinity of a facet of the semicon- 
ductor laser, so th^ a high power c^ut is 
realized The active layer in the impurity diffu- 
sion region is formed in a three-layer structure 
compr^ng first, second and third semiconduc- 
tor layers. The second semiconductor layer has 
an opposite type of conductivity as the first and 
third semicon^ctor layer, and is sandwiched 
thereby. In such a structure, a depletion layer is 
generated around the active layer, so that injec- 
tion of current Into the active layer is prevented. 
The blocking layer also protects the active layer 
from the strain stress during a process of at- 
taching the semiconductor laser to a heatsink. 
In the fabricating process, a dielectric Is tem- 
porarly formed to be used as a mask in a 
s^ective diffusion and in a selective growth, so 
that it is not necessary to align a selective 
growth mask and an impurity diffusion region. 
An impurity selective diffusion into the multi- 
layer epHasdal layers having GaAs layer or 
AIGaAs layer as a surface layer is carried out 
using As compoun d as an impurity source, so 
that the crystaTquality of the surface layer is 
hard to decrease. 






Jouve, 18, rue Saint-Denis, 75001 PARIS 







1 



EP0437 243 A2 



2 



SEMICONDUCTOR LASER AND PROCESS FOR FABRICATING THE SAME 



This Invention relates to a semiconductor laser 
and a process forfabricating the same, and more par- 
ticularly to, a high power output semiconductor laser 
used In optical communication and a process for fab- s 
ilcating the same. 

In recent years, there is a strong demand for a 
high power output semiconductor laser for a light 
^urce used in devices of information process such as 
an optical disk memory device, however, there is an io 
obstacle for realizing a high power output in the semi- 
conductor laser, namely Catastrophic Optical Dam- 
age (defined as *COD* hereinaftei) which occurs at a 
facet of the semiconductor laser. COD occurs when 
the semiconductCM^ laser facet Is heated and damaged is 
partially by absorbing the laser light at the facet 

A first conventional semiconductor laser is des- 
cribed on pages 383 to 384, Electronics Letters, 1984, 
vol. 20. The first conventional semiconductor laser 
has a mufti-quantum well (defined as "MOW” 20 
hereinafter) active layer. MOW is also called as * arti- 
fidal super-lattices”. In the semiconductor laser, 

MQW of the active layer in the vidnity of the semicon- 
ductor iaserfacet te di»)rdered by selectively diffused 
impui%, so that the bandgap energy of MQW of the 25 
active layer in the vfdnity of the facet is larger than that 
in the Inner part of the laser resonator of the semicorr- 
ductor laser. As a result, the semiconductor laser 
facet becomes hard to absorb the laser light, so that 
COD is reduced in the semiconductor laser. The dis- so 
order of MQW Is described on pages 776 to 778, 
Applied Physics Letters. 1981, vol. 38. In the semi- 
conductor laser, some part of a p-type dadding layer 
and an electrode of the semiconductor laser is 
removed in order to prevent an injection of cunents 35 
into the active layer, for the reason that there are 
many defects of the crystal lattice of the active layer 
in the vidnity of the facet because of the high density 
impurity diffusion, so that the injection of cun*ent may 
cause destruction of the active layer. 40 

A second conventional semiconductor laser is 
described in Japanese Patent Publication No. 64- 
14986. The second conventional semiconductor laser 
has a natural super-lattice active layer. The natural 
super-lattices are disordered by sel active impurity dif- 45 

fusion In the vicinities of both facets of the semicon- 
ductor laser, so that the bandgap energy becomes 
large in comparison with that of the natural super-lat- 
tices before being disordered. It Is known that the 
natural super-lattices are formed in the growth of so 
GalnP or AIGalnP by Metalorganic Vapor Phase 
Epitaxy method (defined as ”MOVPE method” 
hereinafter), and that Al (or 6a) and In atoms are in a 
row mutually in a direction of (1 1 1) in the natural su- 
per-lattices. The formation of the super-lattices is 55 
thought to be caused by differences of bonding 



lengths of Al-P, Ga-P and In-P in AIGalnP, for inst- 
ance. It Is described on pages L1549 to LI 552, Japan- 
ese Journal of Applied Physics, 1988, vd. 27 that the 
natural super-lattices are disordered by impurity diffu- 
sion in order to increase the bandgap energy, as like 
in the case of MQW. 

According to the first and second conventional 
semiconductor lasers, however, there is a disadvan- 
tage in that there are many defects of the crystal lat- 
tice of the active layer In the vicinity of the facet 
because of the high density Impurity diffusion, so that 
the Injection of current may cause destruction of the 
active layer. In the first conventional semiconductor 
laser, some part of a p-type cladding layer and an 
electrode of the semiconductor laser is removed to 
prevent the Injection of current into the active layer, 
however, there Is another disadvantage in that the 
active layer of the semiconductor laser nray be suf- 
fered by the strain stress during the process of attach- 
ing the semiconductor laser to a heatsink because of 
lack of the cladding layer as a protection layer, so that 
the reliability of the semiconductor laser may reduce. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the Invention to pro- 
vide a semiconductor laser having a high power out- 
put without injection of current Into an active layer in 
the vicinities of both facets of the semiconductor laser. 

It Is a further object of the invention to provide a 
process for fabricating a semiconductor laser without 
causing any damage to an active layer thereof during 
the febrication process. 

According to a first feature of the invention, a 
semiconductor laser comprises : 

a first dadding layer formed on the substrate, the 
first dadding layer having the same type of con- 
ductivity as the substrate. : 
a super-lattice active layer formed on the first 
dadding layer, the active layer in the vicinity of 
laser facets of the semiconductor laser having the 
impurity density of equal to or over 1 X 10’^ cnr®; 
a second dadding layer formed on the active 
layer, the second dadding layer having the oppo- 
site typo of conductivity as the first dadding layer, 
and the second dadding layer with the first dad- 
ding layer and the active layer forming a double- 
hetero structure ; and 

a blocking layer formed on the second dadding 
layer In the high density in^rity region, the 
blocking layer having the same type of conduc- 
tivity as the first dadding layer. 

According to a second feature of the invention, a 
method for fabricating a semiconductor laser com- 
prises : 
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forming a first cladding layer on a semiconductor 
substrate, the first cladding layer and the sub- 
strate having the same type of conductivity ; 
forming a super-lattice active layer on the first 
cladding layer ; 5 

forming a second cladding layer on the active 
layer, the second cladding layer having the oppo< 
site type of conductivity as the first cladding layer; 
forming a high density impurity diffusion region 
selectively in the active layer, the Impurity density io 

in the active layer being equal to or over 1 XIO^^ 
cmr^ , the region having a surface layer selected 
from GaAs and AlGaAs ; and 
forming a blocking layer on the second cladding 
layer in the high density impurity diffusion region. is 
the blocking layer having the same type of con- 
ductivity as the first cladding layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The invention w9l be explained In nK)fe detail in 
conjunction vrith appended drawings wherein : 

Fig. 1 is a plan view Qlustiating a semiconductor 
laser in a preferred embodiment according to the 
Invention ; 25 

Rgs. 2A and 2B are cross-sectional views taken 
on lines A-A and B-B of Rg. 1, respectively ; and 
Figs. 3A to 3D are perspective views respectively 
illustrating a semiconductor laser in various 
stages of a fabrication process in the preferred 30 
embodiment according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

36 

Fig. 1 is a plan view ilustrating a semiconductor 
laser in a preferred embodiment, and Figs. 2A and 2B 
are cross-sectional views taken on lines A-A and B-B 
of Fig. 1 , respectively. 

The semiconductor laser comprises an n-type 40 
GaAS substrate 11, an n-type GaAs buffer layer 12, 
an i vtype AIGalnP dadding layer 13, a GalnP super - 
l attice active lav eLl4. a p-type AIGalnP Inner claddi ng 
JayecJS, a p-type AIGalnP outer dadding layer 16 
which is selectively formed on the inner cladding layer 45 
15. a p-t ype GaAs cap layer 17 which is formed on a 
top surface of the outer cladding layer 16, ann-tyge 
GaAs blocking layer 18 which is formed on bdSTsides 
^ he^ Duter dadoing layer 16 at an excitation region 
3 of the semiconductCH' laser 1 and on whole region at so 

both impurity dHfusbn regions 4 and 4 covering a top 
surface of the cap layer 17, a p-type GaAs contact 
layer 19, an n-electrode 21 covering a bottom surface 
of the substrate 11, and a p-efectrode 22 covering a 
top surfece of the contact layer 19. 55 

The impurity difhjsion region 4 Is formed in the 
vicinity of the semiconductor laser facet 6 including 
the active layer 14 so that the impurity density of the 



active layer 14 in the vicinity of the semiconductor 
laser facet 6 is equal to or over 1 X lO^^ cnH. Such a' 
high density oV the Im^rtty makes tne active layer 14 
disorder, so that the bandgap energy of the active 
layer 14 becomes large. 

In the impurity diffusion region 4, the active layer 
is located in the three layer structure oi an n-type 
semiconductor layer corresponding to the cladding 
layer 13, a p-type semiconductor layer corresponding 
to the inner and outer dadding layers 15 and 16 and 
an n-type semiconductor layer corresponding to the 
blocking layer 18, so that a depletion layer b gener- 
ated in an n-p interface to prevent an injection of cur- 
rent into the active layer 14. 

Next, the process of fabricating the semlconduo- 
tor laser In the preferred embodiment will be exp- 
lained in accordance with Rgs. 3A to 3D. 

First, as shown In Rg. 3A, an n-type GaAs sub- 
stratell is provided, then an n-type GaAs bufferlayer 
12 having a thickness of 0.3 p m, an n-type AIGalnP 
dadding layer 13 having a thickness of 1.0 p m, a 
GalnP active layer 14 having a thickness of 0.08 p m, 
a p-type AIGalnP Inner dadding layer 15 having a 
thickness of 0.30 p m, a p-type GalnP etching-stop- 
ping layer (not shown in Fig. 3A) having a thickness 
of 5 ran, a p-type AIGalnP outer dadding layer 1 6 hav- 
ing a thickness of 0.9 p m, a p-type GalnP heterobuf- 
fer layer (not shown in Rg, 3A) having a thickness of 
1 0 nm, and a p-type GaAs cap layer 1 7 having a thidc- 
ness of 0.3 p m are successively formed on the sub- 
strate 11. 

In this embodiment, these layers mentioned 
above are formed by MOVPE method, however, 
these layers can be also formed by MBE method. Gas 
Source MBE nr>ethod. CBE method, etc.. The mate- 
rials which are used for growing the layers are 
trimethylaluminum (TMA), triethylgalllum (TEG), 
trimethylindium (TMl). drmethylzinc pMZ), phos- 
phine (PHa). arsine (AsHa). and dIsDane (Si 2 He). The 
growth temperature is 660*'C. the growth speed is 1.8 
p nVhr, and the supplying ratio of V group material/lll 
group material (V/lll ratio) is 150. 

The cap layer 17 becomes a surface layer when 
the impurity diffusions are carried out Carriers injec- 
ted into the active layer 14 recombine therein and give 
a gain necessary for laser oscillation. The laser light 
is kept in the active layer 14, the dadding layer 13, the 
inner dadding layer 1 5 and the outer dadding layer 1 6 
which surround the active layer 14. 

The composition of the active layer 14 and the et- 
ching-stopping layer is Gao-sIrio-sP (whose bandgap 
energy Eg is 1.85 eV) in the preferred embodiment, 
however, the material having the composition of (Al^ 
Gai . x)o*6lno-fiP (0 < x ^ 0.20) may be used. In the 
active layer 14 having a composition of GalnP (or 
AIGalnP), a natural super-lattica structure is formed. 

The composition of the AIGalnP dadding layers 
Is preferably (A1* Ga^ . x)o-6*^6P (0.4 < x S 1.0), 
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though X = 0.6 (Eg ~ 2.27 eV) In this embodiment The 
heterobufTer layer Is prodded to reduce discontinuous 
change of the band generated in a hetero interface be- 
tween the GaAs layer and the AlGalnP layer. 

Next, a dielectric layer 31 is formed by evapor- s 
ation on the cap layer 17, and then the patterning of 
the dielectric layer 31 is carried out to have a striped 
shape by photolithography method. After that Zn Is 
diffused as impurity into the vicinity of the semicon- 
ductor laser facet 6 by enclosed tube diffusion method io 

to form an impurity diffusion region 4 shown as a 
dashed line In Fig. 3A. 

The impurity source of the Zn diffusion Is prefer- 
ably 2!nAs2 and Zn 3 As 2 , etc., though ZnAs 2 Is used as 
the Impurity source In this embodiment The high den- is 

sity Zn is injected into the active layer 14 within the 
impurity diffusion region 4, so that the bandgap 
energy Eg increases. 

Then, as shown in Rg. 3B, a resist stripe mask 32 
is formed on the dielectric 31 and the cap layer 17 by 20 
photolithography method, and then some part of the 
dielectric 31, the cap layer 17, the heterobuffer layer 
and the outer cladding layer 16 Is removed one after 
another by chemical etching process, as shown in Fig. 

3C. As a result, a stripe-shaped waveguide 2 which 25 
consists of the outer dadcfing layer 16, the heterobuf- 
fer layer, the Inner cladding layer 15, the active layer 
14 and the dadding layer 13 is formed by the process 
described above. The etching^stopping layer provides 
an accuracy of the etching depth in bie chemical etch- 30 

Ing process. 

Next, as shown in Rg. 3D, after removing the res- 
ist stripe mask 32, an n-fype GaAs blocking layer 18 
having a thickness of 0.8 p m Is selectively formed 
using the dielectric 31 as a mask. The blocking layer 3 S 
18 is grown on both sides of the outer dadding layer 
1 6 at an excitation region 3 of the semiconductor laser 
1 , and on whole region at both impuri^ diffusion reg- 
ions 4 and 4 covering a top surfece of the cap layer 
1 7. This blocking layer 1 8 blocks the injection of cur- 40 
rent into the active layer 14 in the vicinity of the semi- 
conductor laser facet 6. and also the both sides of the 
outer dadding layer 16 at the exdtabon region 3. The 
blocking layer 18 also keeps the laser light within the 
waveguide 2. Then, the dielectric 31 is removed, and 45 
then a p-type GaAs contact layer 1 9 is formed on the 
surfece of the semiconductor laser 1 which is under 
fabrication. The blocking layer 18 and the contact 
layer 19 are formed by MOVPE method. The mate- 
rials which are used for growing the layers are so 
trimethylgallium (TMG), dimethyizinc (DMZ), and 
arsine (AsH^. The groMi temperature is 660^0, the 
growth speed is 3.0 p m/hr, and the supplying ratio of 
V group mater^ll group material (V/lil ratio) is 50. 

Finally, a p-electrode and an rvelectrode are for- ss 
med to cover the bottom surface of the substrate 11 
and the top surface of the fabricated layers, respect- 
ively, and then the semiconductor laser 1 is deaved 



in the cross section induding the impurify diffusion 
region 4 to obtain a semiconductor laser facets 6 each 
having a plane of cleavage. 

As described above, the dielectric temporarily for- 
med during the process Is used as a mask in a sdeo- 
tive diffusion and in a selective growth, so that an 
alignment of a selective growth mask and an impurity 
diffusion region is not necessary to carry out On the 
other hand, an Impurity se lective diffusion of Into 
t te fTHiLtMavar^Ditipdd^ having GaAs laye r or 
AIGaAs layer as a surface layer is carried out u sing 
^ comp ound as an Impurity source. In this case, the 
As compound^pplles suffident As vaporto oove^ e 
surface i^e r of the semiconductor laser and protect 
th ereto, and As which Is a V grou^tom Is hanffe dis- 
co nnect from GaAs layer or AmaAs fhft 

c rystal quality of the surface layer Is ha^ tode Si^e. 

Although the invention h^ been^escriBed'with 



respect to specific embodiment for complete and 
dear disdosure, the appended daims are not to thus 
limited and alternative constructions that may occur to 
one skilled In the art which fairly f^l within the basic 
teaching herein set forth. 



Claims 

1. A semiconductor laser, comprising : 

a semiconductor substrate which has one 
type of conductivity ; 

a first dadding layer formed on said sub- 
strate, said first dadding layer having the same 
type of conductivity as said substrate, ; 

a super-lattice active layer formed on said 
first dadding layer ; 

a second dadding layer formed on said 
active layer, said second dadding layer having 
the oppostte type of conductivity as said first dad- 
ding layer, and said second dadding layer with 
said first dadding layer and said active layer form- 
ing a double-hetero structure ; 

impurity diffusion regions in the vidnity of 
both laser facets of said semiconductor laser, 
said active layer In said impurity diffusion region 
having the impurity density of equal to or over 1 
X 1017 cnr«; and 

a bloddng layer formed on said second 
dadding layer in said impurity diffusion region, 
said blocking layer having the same ^pe of con- 
ductivity as said first dadding layer. 

2. A semiconductor laser, according to daim 1 : 

wherein said first dadding layer, said 
active layer and said second dadding layer are 
epitaxial layers. 

3. A semiconductor laser, according to claim 1 or2, 

wherein said active layer is a natural su- 
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peNattice active layer. 

4 . A semiconductor laser, according to claim 1 , 2 or 
3. 

wherein said active layer is a layer selec- s 
ted from a OalnP layer and a AlOalnP layer. 

5. A process for fabricating a semiconductc^ laser, 
comprising steps of : 

forming a first cladding layer on a semicon- io 

ductor substrate, said first dadding layer and said 
substrate having the same type of conductivity ; 

forming a super-lattice active layer on said 
first dadding layer ; 

forming a second dadding layer on said is 
active layer, said second dadding layer having 
the opposite type of conductivity as said first dad- 
ding layer ; 

forming a high density Impurity difhjsion 
region selectively In said active layer, the density 20 
being equal to or over 1 X 10^^ cnr^ ; and 

forming a blocking layer on said second 
dadding layer In said Impunly diffusion region, 
said blocking layer having the same type of con- 
ductivity as said first dadding layer. 25 

6. A process for fabricating a semiconductor laser, 
according to daim 5 : 

wherein said steps of forming saki first 
dadding layer, forming said super-lattice active 30 
layer, and forming said second dadding layer are 
carried out by epitaxy method. 

7. A process for fabricating a semiconductor laser, 

according to daim 5 or 6, 3S 

wherein said epitaxy method is selected 
from MOVPE method, MBE method, Gas Source 
type MBE method and CBE method. 

8 . A process for fabricating a semiconductor laser, 40 
according to daim 5. 6 or 7, 

wherein said step of forming a high density 
impurity d iffusion region is a step of forming a high 
density Zn diffusion region. 

45 

9. A process for fabricating a semiconductor laser, 
according to daim 8 : 

wherein said high density Zn diffusion reg- 
ion is formed by using an impurity source selected 
from ZnAsa and so 

10. A process for fabricating a semiconductor laser, 
according to daim 9 : 

wherein said high density Zn diffusion reg- 
ion has a surface layer selected from GaAs and ss 
AiGaAs. 

11. A process for fabricating a semiconductor laser, 

5 



according to any one of daims 5 to 10, 

said steps of forming a high density 
impurity diffusion region and forming said block- 
ing layer are carried out by using a dielectric layer 
as a patterning mask formed temporarily on a top 
surface of said fabricated layers. 
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